ABSTRACT: Benthosema glaciale populations on the slope of the Nova Scotia shelf were sampled at different months of the year on 8 occasions over 8 yr. Day/night vertical distributions are described in relation to distributions of their zooplankton prey. Feeding behavior was studied from stomach contents which showed feeding primarily on copepods during the night in the upper 200 m, but some daytime feeding at depths greater than 300 m. A modified Ivlev's electivity index showed B. glacjale positively selected certain species of copepods but not the most abundant Calanus finmarchicus, although this species was the most common species in its diet. B. glaciale tended to select copepod species whose body length was greater than 1 mm. Size range of prey increased with fish body length; however larger fish continued to feed on the same small prey as smaller fish. The estimated daily ration of B. glaciale decreased with body weight and ranged from 8 % of body weight for a 0.1 g fish to 2.5 % for a 3 g fish.
INTRODUCTION
The lantern fish Benthosema glaciale is the dominant mesopelagic fish in a zone between the 1000 m contour and the front of slope water of the Nova Scotian shelf (Sameoto 1982) . This myctophid is known to migrate vertically each night to the upper 100 m of water to feed on zooplankton, its principle prey (Gjesaeter & Kawaguchi 1980) , but little is known about its specific prey selection, the depth at which it feeds, or its daily ration. Nor is anything known about its feeding habits on the Nova Scotia slope during different seasons of the year. This study was designed to investigate the specific prey consumed by B. glaciale of various sizes, the depths and times at which feeding occurred, as well as changes in the feeding behaviour with different seasons of the year. In addition the daily ration in terms of fish body weight was estimated for different size classes of fish.
METHODS
Samples of zooplankton and mesopelagic fish were taken simultaneously with the BIONESS, a multiple net sampler with ten 1 m2 nets of mesh size 243 urn 0 Inter-Research/Pnnted in F. R. Germany (Sameoto et al. 1980) . The BIONESS measured depth, ..,,I.. U~~T T L C of water filtered by each net, speed iiiiuugh the water, temperature and salinity. It was towed at a speed of 3 knots while being slowly lowered to the maximum sampling depth. Each of the nets was opened and closed at predetermined depths (10 m intervals in the top 100 m and ca 50 m intervals at all other depths) on an oblique path to a maximum depth of 1400 m. Sampling was carried out on 8 occasions over 8 yr (April 1979 (April , 1983 May 1977; June 1978; July 1982; October 1981 October , 1984 October , 1985 . The location of the sampled stations and sample dates are shown in Fig. 1 .
Fish and zooplankton sanlples were preserved in a 4 O/O formalin and seawater solution buffered with sodium borate and strontium chloride. All myctophids were identified to species, and total length measured from the snout to the end of the caudal peduncle. All myctophids were weighed wet and the stomach dissected out by cutting it at the posterior end of the esophagus and at the pyloric valve. The stomach was weighed wet, then dissected under a microscope and the percent fullness in terms of volume estimated and assigned to one of the following categories: (1) empty; (2) 1 % full (usually with only 1 or 2 particles); (3) 25 % full; (4) 50 %; (5) 75 % full (stomach had some space between food particles); (6) 100 % full (stomach walls were stretched with no space apparent between food particles). The stomach contents were identified to lowest possible taxa, usually genera, and counted. The length and width of each particle were measured. The stomach lining was weighed wet and subtracted from the total weight of the stomach and contents to estimate the total weight wet of the contents.
The state of digestion of the stomach contents was estimated and assigned to one of the following categories; (1) complete digestion -all material unidentifiable; ( 2 ) partial digestion -whole copepods recognizable, with minimum to moderate digestion; (3) undigested -whole organisms in good condition. Fish of all lengths within each sample were examined for stomach contents.
The problem of postcapture ingestion ('net feeding') by fish is always a concern with in situ feeding studies, particularly with mesopelagic fish. Hopluns & Baird (1975) reviewed net feeding and concluded it was not a serious problem for many midwater fish. Clarke (1978 ), Rohwedder (1980 and Imsand (1981) found Little evidence of net feeding. Lancraft & Robison (1980) found only 5 O/O of the fish ingested artificial prey introduced into the cod end. The amount of artificial prey ingested varied wi.th species and was highest in the large species that were recovered alive from the nets and very low in the small fragile species of fish. The incidence of cod end feeding was higher by day than night, and small particles were more readily consumed than large ones. Roe Pc Badcock (1984) examined the problem of net feeding in the RMT 8 (an opening and closing midwater trawl) and concluded that for planktivorous fish, including Benthosema, it was not a n important problem and the small degree of contamination due to the fish gulping in the net was probably undetectable. Cod-end feed.ing during BIONESS sampling was not considered a serious problem for the following reasons. First, the fish when captured, even in short tows of 10 min or less, were usually dead or dylng even though their physical appearance was still very good. Second, the speed of the tow meant that the fish were forced against the mesh of the net and it is unlikely that they would be inclined or able to feed under these circumstances. Third, the high numbers of fish with empty stomachs at all depths during both day and night indicate that cod end feeding was not a common occurrence. There was no evidence that fish regurgitation was a problem with captured fish at any time.
A quantitative measure of food selection was made for fjsh at different depths using a modified Ivlev's electivity index, D,, (Jacobs 1974) . This index was calculated as
where r = proportion of a prey species in the stomach; p = proportion of that prey in the zooplankton sample.
This index is different from Ivlev's (1961) in that it IS independent of the relative abundance of the prey species. The value of D, varies from -1 to 0 for negative selection and 0 to + 1 for positive selection.
RESULTS

Physical oceanography
During April and June the water column to a depth of 1000 m was a 3-layered system (Fig. 2) . A cold (3 to 4 "C), relatively less saline (< 35 %o) layer of Shelf Water Below this was the colder Labrador Slope Water (4 to 5 "C; < 35 %").
In October the water column structure was quite different. A warm layer (18 "C; >35%0) of warm core water was found from the surface of a depth of about 400 m and below this layer was found North Atlantic Central Water (5 to 6 "C and 35 %o) which extended to below 1000 m. This pattern of water column structure is similar to that found by Fedulov & Arkhipkin (1986) on the Nova Scotia slope.
Seasonal abundance of myctophids
Concentrations of myctophids found in June were significantly higher than in April or May. In October, concentrations of Benthosema glaciale were significantly lower than in spring (Table 1 ). B. ylaciale was the dominant species of mesopelagic fish during all months sampled, though 12 other species of myctophids were found in low concentrations ( Table 2 ).
The population of myctophids was significantly reduced relative to the biomass of total zooplankton during October (Table l ) . During this time the temperature in the top 400 m (Fig. 2 ) was significantly higher than in the earlier part of the year. Myctophid biomass ranged between 3.7 and 8.4 O/O of the zooplankton biomass m-' in the top 500 m during April and June, but was only 0.4 % of the total zooplankton biomass in the top 1000 m in October. A reduced myctophid population was seen during both the 1981 and 1984 October sampling periods. Sampling to a depth of 1400 m in October 1985 showed no myctophids below 800 m.
Length frequencies
The length range of Benthoserna glaciale (Table 3 ; Fig. 3 ) was greatest during April (15 to 80 mm), and was lowest during June (30 to 60 mm) with the largest mean length found in April. No significant difference was found in total lengths of specimens caught between day and night sampling during any of the months, nor were significant differences found between the lengths of specimens at different depths dunng the day or night. The size class structure was multi-modal for all months with small fish dominating the October population.
Vertical distribution of myctophids and zooplankton
The highest concentraticns of ccpepods per m3 occurred d.uring June and the lowest -an order of magnitude lower -during October (Table 1 ). The maximum concentrations of zooplankton per m3 for all months were found in the upper 100 m during the day and in the upper 30 m at night (Figs. 4a, b and 5) . Calanus, the dominant genus during all months, had its highest concentrations in the top 30 m from April to July. In October the maximum copepod concentration was at approximately 300 m.
The main concentration of zooplankton in all months except October was generally found above the main concentration of myctophids at night. At a few stations the main concentration of myctophids was found at the same depth as the zooplankton maximum ( 
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N U M B E R P E R M~ (Table 4 ). In June there was some indication that copepods were selected over other prey such as euphausiids and amphipods (Table 4 ). In April the smaller copepod genera such as Clausocalanus, Oithona, Paracalanus, Oncaea and Gaidius appeared to be selected less frequently than their abundance in the samples, while in June Calanus was selected less frequently than during April.
had a high percentage of 100% fullness and a low percentage of empty stomachs. Maximum stomach fullness in the population occurred between 01:OO and 03:OO h as did the highest percentage of undigested prey (Table 6) indicating that more active feeding occurred at this time. However data on both fullness and degree of digestion indicated that some daytime feeding occurred. The percentages of different prey in the stomachs of fish caught during the day at 14:OO h and at night ( Table 7 ) also suggested that some feeding occurred during the day at depths below 350 m. The stomachs of fish caught in April during the day at a mean depth of 430 m contained material that was usually well digested and unrecognizable. These fish also contained remains of prey such as ostracods and chaetognaths that were not found in the stomachs of the fish at night (Table 7) , indicating daytime feeding. The percentage of amphipods and euphausiids in the stomachs was much higher during the day than at any depth during the night which indicated that day feedApril Feeding occurred primarily between 20:OO and 03:OO h when the population was in the upper 200 m of water. The evidence for this was the large numbers of fish at different depths with 100 % stomach fullness (Table 5 ). The population during daylight hours had low numbers of fish with 100 % stomach fullness and high numbers with empty stomachs, whereas the fish caught at night ing on these groups occurred even though they were found at very low concentrations at the myctophid daytime depths (Fig. 4) . The modified Ivlev's D,, calculated for all the groups and genera for the daytime depth stratum, and 6 different depth strata at night ( Table ? ), showed that during the day the fish positively selected arnphipods, euphausilds and chaetognaths but no other groups. During the night pteropods were positively selected at depths below 60 m, and euphausiids were selected at 4 of the 6 depth strata. Copepods were not positively selected at any depth stratum except 307 m. Some groups appeared to be selected against by Benthosema glaciale; gastropods, ostracods, gynnosornata, amphipods, and chaetognaths all had nega-
tive Di values at night.
The various genera of copepods found in the stomachs were arranged in order of increasing body length (Table 7 ) which demonstrated that the fish showed a preference for copepod genera greater than 1.0 mm in length. The most prefered genera were 
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Aetideus and Pleuromamma as indicated by the high mean night value of D,. A higher preference for these geiiern was iisiiaLiy s h u w r~ irl the deeper strata. The most common organism in the stomachs at all depths was Calanus, principally C. finmarchicus C4. However, it was selected less than its percentage in the plankton samples in all strata but the deepest; this may have been an artifact resulting from fish feeding in the upper strata and returning with their prey to deeper water. Euphausiids and pteropods (Limacina spp.) were the only groups that were positively selected for at night. Pteropods were only found in fish caught in deep water at night, and these fish had few other organisms in their stomachs. Possibly pteropods were captured in the upper strata during a previous feeding and the undigested shell was all that remained or was captured during the day between 300 and 500 m.
June
In June the populations of both Benthosema glaciale and zooplankton reached their highest levels of all the months sampled (Table 1) . Stomach contents of myctophids in the upper 150 m during the night were similar to those in April (Table 8) . However, small copepods, such as A4jcrocalanus and Paracalanus, were found in the stomachs at low concentrahons and the remains of fish larvae were common. Calanus, Metndia and Pleuromamrna were the most common genera eaten, as in April. A positive Di for Pleuromarnma, Euchireilla and Euchaeta was shown at most depth strata. Copepods as a group dominated the diet of the fish during June with the percentage of stomach contents made up of copepods slightly decreasing with depth (Table 8) . The fish showed a preference for prey with a body length greater than 1 mm, as in April.
October
Twenty Benthosema glaciale ranging in size from 15 to 54 mm were analyzed for stomach contents and only 7 contained prey. All 7 contained only copepods, and only 2 of these had recognizable prey items, Oncaea in one stomach and Metridia and Pleuromamma in both. The other 5 stomachs contained digested and unrecognizable copepods. One fish with a 100 % full stomach was caught at night at a depth of 35 m, the other 6 were only 1 % full and were caught equally during night and day at depths between 40 and 700 m. The high percentage of empty stomachs may have resulted from the fish not feeding at this time of year or to the scarcity of prey which was much lower than at the other times of the (Table 1 ). The mean concentrations of copepods per m3 at various depths where B. glaciale were found were extremely low ranging from a high of 99 copepods mP3 at 300 m to a low of 3 m-3 at 50 m depth. The dominant copepod in the upper 100 m was Clauso calanus arcuicornis and at 300 to 400 m it was Pleuromamma glacdis.
Relation between fish body length and prey length
Benthosema glaciale collected from all months and years were grouped into length classes and compared with the length of each prey item found in their guts (Fig. 7) . The smallest particles in the guts were approximately 0.5 mm in length and the largest 7 mm. The upper size range of the prey particles increased as the length of fish increased, but the size of the smallest particles did not change except for those in the largest (70 to 79 mm) size class. There was no significant statistical difference in the length range of prey par%-cles in fish of lengths between 20 to 79 mm. Fish between 10 and 19 mm contained significantly smaller prey than fish greater than 19 mm. The volumes of the prey particles were calculated, assuming the particles to be spheres and plotted in a similar manner to the particle lengths, with similar results.
Relation between fish body weight and weight of stomach contents
The ratio between the wet body weight and wet weight of stomach contents of fish judged to be 100 O/ O full decreased with increasing body weight (Fig. 8) . The smallest fish had the hghest percentage of weight of stomach contents to body weight (up to 9.6 % for a fish 16 mm in length). A regression equation between the body weight (in g) and fish ration (R) was calculated where R was equal to (wt of stomach contents)/(body wt) X 100. The regression equalled: R = 4.46 body wt-O 253 which was hghly significant ( t = 9.5 for the intercept and -3.6 for the slope, df = 82; p = 0.001).
The relation between total length and wet weight of Benthosema glaciale (Fig. 9 ) was used to estimate the mean body weight for each of the sample months (Table 1) . These values were used to estimate the percentage of the body weight consumed in prey by the average fish for each month using Eq. (1). This value was used to estimate the total biomass of zooplankton consumed per day by the total population of myctophids per m2, for the different months (Table 1) . The assumption was made that the maximum daily ration per fish is equal to the amount of prey found in a 100 % full stomach. This assumption would underestimate the true daily ration if the fish passed food from 
DISCUSSION
The total biomass of myctophids per m2 off the shelf break in Apnl and June was approximately an order of magnitude higher than the value reported by Gjssaeter & Kawaguchi (1980) who, using data from Jahn 81 Backus (1976) , estimated the biomass of mesopelagic fish in the top 200 m at night in the slope water off the Scotian shelf to be 0.2 g m-'. Chapman et al. (1974) , using acoustics, showed the biomass to be 0.5 g m-' on the Scotian Shelf. Generally, acoustic estimates of Fig. 9 . Benthosema qlaciale. Relation between wet hody weight and total length. Fish were taken from all sampled months mesopelagic fish are higher than biomass estimates made with nets (Gjssaeter & Kawaguchi 1980) and observations made from submersibles are much higher than either net or acoustic estimates (Milliman & Manheim 1968 , Alldredge et al. 1984 . Therefore it is possible that the BIONESS underestimated the biomass and concentration of Benthosema glaciale in this study and therefore the impact of this species on the zooplankton community of the slope, even though the biomass estimates are much higher than those of previous studles. However, the data for different months were collected during hfferent years, so interpreting these data as showing seasonal changes should be done with caution because of the large interannual variation in the data. The very low concentration of Benthosema glaciale found in October coincided with a warm water mass in the upper 600 m. The reduction in the B. glaciale population may have been due either to fish migrating to a region of colder water or else to their being advected away from the sampled area during the sum- 'K,
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mer as the water was displaced by warmer water. Samples taken from depths down to 1400 m in October showed that the fish did not migrate deeper than their normal daytime depth of 300 to 800 m to avoid the warm water. The most likely explanation is that the fish remained with the cold water mass as it moved to the southwest, though few data exist on water mass movement in this region. The B. glaciale population probably reappears in the late winter or early spring with the re-appearance of the cold water of the Labrador Current from the northeast. The daytime vertical distribution of Benthosema glacjale showed a population concentration between 300 and 550 m with a maximum between 320 and 360m. These results were similar to those of Halliday (1970) who found the daytime centre of vertical distribution below 450 m. In the present study a few fish were caught during the day in the upper 30 m, and in all cases these fish had empty stomachs. It is reasonable to suggest that hunger may have caused these fish to break from the normal dayhight vertical migration pattern. During the night the majority of the population was found below the main concentration of copepods which was in the upper 30 m even though the highest concentration of B. glacialis was commonly found with the highest concentration of copepods. This suggests that most fish either feed below the highest concentrations of prey or else make short excursions into the upper layers to feed and then return to the deeper water below the zooplankton maximum. The latter suggeseon is suppcrted b y the stsmach contcnts ~f :he fish in the top 200 m which contained a higher percentage of Calanus, a species concentrated in the top 30 to 50 m during all months.
Benthoseina glaciale in other regions feed primarily at night, but also feed during the day (Kinzer 1977) . In the present study the feedmg pattern was similar to that reported by Gnzer (1977) in the Central Atlantic with the highest percentage of 100 % full and lowest percentage of empty stomachs being found between 22:OO and 03:OO h.
The daily ration of Benthosema glaciale, defined as the ratio between body weight and the weight of the contents of a 100 O/O full stomach, was similar to that of Lampanyctus mexicanus in the Gulf of California which ranged between 3.7 and 6.1 % (Holton 1969) . Baird et al. (1975) found the maximum prey biomass for Diaphus taaningi from the Cariaco Trench was 0.8 % of dry body weight. Tseytlin & Gorelova (1978) estimated the specific daily ration of Myctophum nitidulurn in the equatorial Pacific of length of l l to 20 mm to be 13 % of body weight. The smallest Benthosema glaciale on the Scotian slope (about 16 mm) had a daily ration range of 3 to 10 % of body weight. These fish live in water at 4 to 8.5 "C, while M. nitidulum lives at between 22 and 34 "C suggesting a higher metabolic rate, and probably a higher ration.
Use of the weight of the contents of 100 % full stomachs as a measure of the daily ration most Likely underestimated the true ration, for some food was problably digested within 24 h or had passed from the stomach into the gut. Roe & Badcock (1984) reported that Benthosema glaciale positively selected Metndia lucens but avoided the more numerous Clausocalanus, suggesting that B. glaciale selects its prey according to size. They found that B. glaciale actively fed at night, but that it also fed at its daytime depth, in agreement with the results of this study. Gjosaeter (1973b) observed that feeding of B, glaciale was greatest during the spring and summer, decreasing in fall and winter. He suggested that there may be a relationship between degree of filling of the stomachs and the volume of zooplankton per m3, which was highest during spring and summer, as also found in the present study which showed a low level of feeding in October when the zooplankton concentration was very low. Gjersaeter (1973b) found no relationship between feeding and temperature at the daytime depth of B. glaciale. On the Scohan slope the temperature at this depth showed a significant increase from April to October indicating greater penetration of warmer slope water late in the year. This warmer slope water had very low concentrations of zooplankton and B. glaciale associated with it. Such low zooplankton concentrations may have inheiiced :he feeding behaviol of E. yidciciie so thdi few fish migrated vertically at night to feed in the upper water. Baird et al. (1975) estimated that the minimum prey density needed for feeding by Diaphus taaningi in the Cariaco Trench was 154 m-3. One can only speculate how long the population of B, glaciale on the Scotian slope could survive the zooplanktonimpoverished October water mass with prey concentrations of 50 to 99 m-3 at their daytime depth and 3 to 14 m-3 at their night-time depths. Hartmann (1970) reported that 3 species of pleustonic fish in the subtropical North Atlantic broaden their food spectrum with increasing length, with the larger fish eating larger prey and abandoning the smaller prey. Paxton (1967) showed that in the Cahfornia current system only the largest specimens of 2 species of myctophids fed on fish. Scotto di Carlo et al. (1982) stated that the smallest Hygophum benoitiin the Straits of Messina tended to feed exclusively on copepods while the larger specimens shifted toward an euphausiid diet. They found that Myctophum punctatum had a mixed diet at all stages of their growth with prey diversity increasing with fish size. The pattern of increased prey diversity with increased body size was also shown for Stenobrachius leucopsarus in the east-ern Pacific (Collard 1970 , Tyler Pc Pearcy 1975 . Benthosema glaciale in the present study broadened its food spectrum with increasing fish length, but did not appear to stop feeding on the smallest prey as Hartmann (1970) reported for the pleustonic fish. This means that the largest specimens of B. glaciale had the widest prey size range. Kinzer (1982) reported that B. glaciale var. thori in the Central Atlantic below 30 mm length fed primarily on copepods, but that individuals >30 mm also fed on euphausiids. Scotian slope specimens showed no indication of increased feeding on euphausiids with increased body length.
Scott di Carlo et al. (1982) reported that Hygophum benoiti and Myctophum punctatum rarely fed on small copepods (about 1 mm) and suggested this was due to the species using visual cues to locate their prey -large bioluminescent copepods such as Pleuromamma spp. Scotian slope Benthosema glaciale showed the highest positive selection for Pleurornamma spp. out of all the copepods off the Scotian shelf, the most common species being P. borealis. Metridia and Calanus, both of which were as large or larger than Pleuromamma and much more numerous, were negatively selected. These 2 genera were not concentrated at the same night-time depths as the main population of myctophids, whereas Pleuromamma was concentrated at these depths during both the day and night. It is also quite Likely that Pleuromamma and B, glaciale vertically migrated in syncrony since they had similar day/ night distributions, subjecting Pleuromamma to almost continuous predation.
G j~s a e t e r (1973a) stated that Benthosema glacialis in Norwegian waters grows faster and has a higher maximum length than it does off Nova Scotia. The largest specimen reported outside Norwegian waters was one taken in Greenland measuring 84 mm (Jensen 1948) which was estimated to be 7 to 8 yr old. The largest specimen collected by Halliday (1970) off the Scotian shelf was approximately 58 mm, much smaller than those collected during the present study. The difference in the maximum sizes of the fish (83 mm for this study vs 58 mm for Halliday 1970) may have been due to the different types of the sampling gear used. Halliday used a 6 ft (1.8 m) Isaccs-&dd midwater trawl which may be less efficient at capturing the larger B. glaciale. The presence of the large fish during May could have indicated a population of fish carried to the Scotian shelf region by the Labrador Current from the Labrador coastal region where a population of older and larger fish is reported to exist (Gjssaeter 1973a) . ~a f l i d a y (1970) found much lower numbers of Benthosema glaciale during September and October than In spring, sampling south of the area sampled in October in the present study. However B. glaciale was very abundant during September and October east of the Grand Banks in the region of the Labrador Current. This suggests that the presence of B. glaciale along the edge of the Scotian shelf may be related to the presence of the colder Labrador Current water in spring and summer, whlch was not present in October.
